The lower unit of the Chicot aquifer is a major source of freshwater for Orange County, Texas. In 1989, the average rate of ground-water withdrawal from the lower unit of the Chicot aquifer in Orange County for municipal and industrial use was 13.8 million gallons per day, a substantial decrease from the historical high of 23.1 million gallons per day in 1972. The average withdrawal for industrial use decreased substantially from 14.4 million gallons per day during 1963-84 to 6.9 million gallons per day during 1985-89. The average withdrawal for municipal use during 1985-89 was 6.8 million gallons per day, similar to the average withdrawal of 5.8 million gallons per day during 1963-84.
Water levels in wells in most of the study area rose during 1985-90. The largest rise in water levels was more than 10 feet in parts of Orange and Pinehurst, north of site B (one of three areas of ground-water withdrawal for industrial use), while the largest decline in water levels was a localized decline of more than 60 feet at site C in southcentral Orange County (also an area of withdrawal for industrial use).
Chemical analyses of ground-water samples from the lower Chicot aquifer during indicate that the aquifer contained mostly freshwater (dissolved solids concentrations less than 1,000 milligrams per liter). Dissolved chloride concentrations remained relatively constant in most wells during 1985-90 but could vary greatly between wells within short distances. Saline-water encroachment continued to occur during 1985-89 but at a slower rate than in the 1970s and early 1980s. On the basis of chemical data collected during 1985-89, a relation was determined between specific conductance and dissolved chloride concentration that can be used to estimate dissolved chloride by multiplying the specific conductance by different factors for low or high conductances.
INTRODUCTION
A continuing program to study the ground-water resources in Orange County and adjacent counties in Texas was begun in March 1967 by the U.S. Geological Survey in cooperation with the Texas Water Development Board and the Sabine River Authority. Since 1979, this program has been conducted in cooperation with the Orange County Commissioner's Court. Orange County is the principal part of the study area ( fig. 1 ) where data were collected pertinent to the ground-water resources. Ancillary data were collected in adjacent Hardin, Jasper, Jefferson, and Newton Counties.
The ground-water program, which consists of monitoring and appraising withdrawals of ground water, water levels, and water quality, was initiated to document water-level changes and saline-water encroachment. The overall objectives of the program are to provide the following: 
Purpose and Scope
This report presents a brief discussion on the hydrogeology of the area and an evaluation of the ground-water data collected during April 1985 -April 1990 . The data include ground-water withdrawals from the Chicot and Evangeline aquifers, water-level altitudes and changes in wells in the Chicot aquifer, and water quality in wells in the Chicot aquifer.
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Well-Numbering System
The well-numbering system in Texas was developed by the Texas Water Development Board for use throughout the State. Under this system, each 1-degree quadrangle is given a number consisting of two digits. These are the first two digits in the well number. Each 1-degree quadrangle is divided into 7-1/2-minute quadrangles that are given a two-digit number from 01 to 64. These are the third and fourth digits of the well number. Each 7-1/2-minute quadrangle is divided into 2-1/2-minute quadrangles that are given a single-digit number from 1 to 9. This is the fifth digit of the well number. Finally, each well within a 2-1/2-minute quadrangle is given a 2-digit number in the order in which it was inventoried, starting with 01. These are the last two digits of the well number.
In addition to the seven-digit well number, a twoletter prefix is used to identify the county where the well is located. The prefixes for the counties in the study are: Orange, UJ; Hardin, LH; Jasper, PR; Jefferson, PT; and Newton, TZ.
On plate 1, only the last three digits of the well number are shown at each well location where data were collected; the second two digits are shown in the corner of each 7-1/2-minute quadrangle; and the first two digits are shown by the large block numerals adjacent to each 1-degree quadrangle. Plate 1 shows the locations of wells that were inventoried during 1985-90 plus locations of a representative number of wells inventoried during preceding periods.
HYDROGEOLOGY
The hydrologic and geologic units in Orange County have been described by Wesselman (1965) , Gabrysch and McAdoo (1972), and Nyman (1984) . Harder (1960) and Harder and others (1967) defined the hydrologic units in southwestern Louisiana. This report uses the classification of Nyman (1984) with slight modification. Hydrogeologic correlations for Orange County and adjacent counties are summarized in table 1 (at end of report).
The Chicot aquifer, underlying all of the study area at various depths, stratigraphically is the shallowest principal aquifer in the study area and is of Pleistocene age. The Chicot aquifer is divided into two sand units by clay beds that, although not areally continuous, do separate an upper sand unit from a lower sand unit stratigraphically (table 1) . The altitude of the base of the Chicot aquifer ranges from less than 400 ft below sea level in northwestern Orange County to about 1,000 ft below sea level in southeastern Orange County ( fig. 2 ). Electric logs of some wells show a thick high-resistivity sand at the base of the Chicot aquifer, and this sand acts as a well-defined markerbed (Turcan and others, 1966) . The lower unit of the Chicot aquifer is a major source of freshwater for Orange County.
The Evangeline aquifer underlies the Chicot aquifer and consists of sediments of Pliocene and Miocene age. The differentiation of the Evangeline aquifer from the Chicot aquifer is made on the basis of grain size. The Evangeline aquifer consists of finer grained sediments than the Chicot aquifer, which consists chiefly of coarse sand and gravel and has a greater sand-to-clay ratio. The sediments of the Evangeline aquifer are less permeable and have lower rates of transmissivity than the Chicot aquifer. Laterally continuous clay beds are not present to separate the two aquifers; this lack of clay beds allows the waters of the aquifers to intermix. The amount of intermixing is dependent on the fluctuating hydraulic gradient caused by withdrawal at concentrated pumping centers like those at sites A, B, and C ( fig. 1 ). The Evangeline aquifer contains freshwater only in the extreme northwestern part of Orange County.
GROUND-WATER RESOURCES Withdrawals
Ground-water withdrawals from the lower unit of the Chicot aquifer during 1985-89 were reported by major water users to the Texas Water Development Board. Information on ground-water withdrawals during 1963-84 were published in a previous report (Bonnet and Williams, 1987, p. 13 ). Average daily rates of ground-water withdrawals from the lower unit of the Chicot aquifer in Orange County during 1980-89 are listed in table 2 (at end of report). The data for 1980-84 are included to indicate historical trends.
The major water users in Orange County did not report any ground-water withdrawals from the upper unit of the Chicot aquifer during 1980-89. Consequently, the withdrawals from this unit are unknown but are believed to be isolated and few.
Average daily rates of ground-water withdrawals for combined municipal and industrial use in Orange County ranged from 13.1 to 20.1 Mgal/d during 1980-89 and ranged from 13.1 to 14.6 Mgal/d during 1985-89. Because of declining economic conditions and recycling of some of the water used for industrial purposes, the average withdrawal of 6.9 Mgal/d during 1985-89 for industrial use was a substantial decrease from the average of 14.4 Mgal/d during 1963-84 (Bonnet and Williams, 1987, Water for the cities of Beaumont in Jefferson County, Silsbee and Lumberton in Hardin County, and Buna and Evadale in Jasper County is pumped from wells with screened intervals in the Chicot and Evangeline aquifers; therefore, the withdrawal from each individual aquifer is unknown. The estimated ground-water withdrawals during 1985-89 from the Evangeline aquifer and lower unit of the Chicot aquifer for these municipalities are listed in table 5 (at end of report).
Water Levels
Static water-level measurements, used to prepare regional water-level altitude maps, are made in the spring of each year when ground-water withdrawals are minimal (principally as a result of decreased agricultural withdrawals) and when ground-water levels usually are at their highest altitude. Measurements made during 1985-90 are listed in table 6 (at end of report).
Water-level measurements made before 1985 in wells located in the western part of Louisiana adjacent to the Sabine River were used to prepare water-level maps for previous reports (Gabrysch and McAdoo, 1972; Bonnet, 1975; Bonnet and Gabrysch, 1983; and Bonnet and Williams, 1987) . Measurements were not made in those wells during 1985-89 because the program that covered this geographic area in Louisiana was discontinued.
Altitudes in April 1990
The approximate altitudes of water levels measured in wells screened in the lower unit of the Chicot aquifer during April 1990 are shown in plate 2. Water levels in wells in Orange County were about 20 to 30 ft below sea level in the central and west-central parts; about 10 to 20 ft below sea level in the northern part; about 30 to more than 40 ft below sea level in the eastern part near the city of Orange; and about 20 to more than 90 ft below sea level in south-central Orange County at site C.
Changes During 1971-90 and 1985-90
Water-level changes during 1971-90 (pl. 3) generally ranged from a decline of more than 20 ft to a rise of more than 10 ft. However, in south-central Orange County, concentrated pumping at site C resulted in estimated declines of more than 10 ft. Water levels in wells rose more than 10 ft south of the city of Orange near the petrochemical industrial area in and near site B. Water levels in wells in Vidor declined as much as 5 ft in the northwestern part of the city, and rose less than 5 ft in the eastern part.
Water-level changes during 1985-90 (pl. 4) ranged from a localized decline of more than 60 ft at site C in south-central Orange County, to a local rise of more than 10 ft in parts of Orange and Pinehurst, north of site B. Water levels generally remained about constant in West Orange and at site B in the petrochemical industrial area. Near Vidor and at site A, water levels in wells rose less than 10 ft. The general rise in water levels during 1985-90 throughout most of Orange County is related to the decrease in withdrawal rates (tables 2 and 3) resulting from the decline in economic conditions and the reuse of some of the ground water pumped for industrial purposes during that period.
Long-term hydrographs of four wells in the study area are shown in figure 3 . Well UJ-62-51-103 is located in the northeast corner of Orange County; well UJ-62-57-401 is located in southwestern Orange County; and wells are located in the city of Orange (pl. 1). The hydrographs in figure 3 show declining water levels into the early to mid-1970s, at which time water levels stabilized. In the early 1980s, water levels slowly began to rise. Hydrographs of wells UJ-62-51-103 and UJ-62-57-401 show net water-level rises of about Bonnet (1975) , Bonnet and Gabrysch (1983) , Bonnet and Williams (1987) , Gabrysch and McAdoo (1972 ), McAdoo (1968 -70), and Wesselman (1965 .
Water Quality
The chemical analyses of water samples collected from selected wells during 1985-90 are listed in table 8 (at end of report). The analyses consisted of specific conductance, pH, temperature (all determined in the field), and dissolved chloride concentration (determined in the laboratory). In 1985 the specific conductance ranged from 180 to 4,140 µS/cm in water from wells UJ-62-49-302 and UJ-62-58-605, respectively. The pH ranged from 6.6 standard units in water from wells UJ-62-50-106 (November 29, 1989 ) and UJ-62-58-305 (October 27, 1987) to 8.4 standard units in water from well UJ-62-57-401 (December 6, 1989) . Water temperature ranged from 18.0 °C in well UJ-62-50-807 on November 29, 1989, to 26.0 °C in well UJ-62-58-608 on October 18, 1988. The dissolved chloride concentrations ranged from 14 mg/L in water collected from well UJ-62-49-905 (November 12, 1985) to 1,200 mg/L in well UJ-62-58-605 (November 14, 1985; November 6, 1986; October 26, 1988) . Most of the wells sampled in the lower Chicot aquifer during 1985-89 contained freshwater (dissolved solids concentrations less than 1,000 mg/L (Winslow and Kister, 1956) ). Furthermore, dissolved chloride concentrations in water from most wells in the lower Chicot aquifer within the study area showed little variation during 1985-90.
Secondary maximum contaminant levels (SMCL), nonenforceable guidelines based on taste, odor, and color, were established by the U.S. Environmental Protection Agency (1996) for selected properties and constituents in drinking water. pH in samples collected during 1985-90 (table 8) from public-supply, livestock, and domestic wells was within the SMCL range of 6.5 to 8.5 standard units. During 1985-90, dissolved chloride concentrations (table 8) in many wells at sites A and B (where the majority of industrial wells are located) were greater than the SMCL of 250 mg/L. However, most of the wells in the northern two-thirds of the county (where the majority of publicsupply, livestock, and domestic wells are located) had dissolved chloride concentrations less than 250 mg/L; many of these wells had concentrations less than 100 mg/L.
The geographic distribution of dissolved chloride concentrations in water from wells screened in the lower unit of the Chicot aquifer in Orange County during November-December 1989 is shown in plate 5. Sites A and B, areas with large rates of ground-water withdrawal in Orange County, had the largest dissolved chloride concentrations, ranging from 290 to 740 mg/L, and some of the smallest dissolved chloride concentrations, 20 mg/L at site B and 28 mg/L at site A.
Changes in Dissolved Chloride Concentrations
In coastal areas, many aquifers historically (before development) have contained freshwater and saline water, with the less dense freshwater above the more dense saline water. Ground-water withdrawal can cause mixing of freshwater and saline water within the aquifer depending on numerous factors, the most important being hydrogeologic properties of the aquifer; altitude of the freshwater/saline-water interface; depth of screened intervals in wells; and rate of groundwater withdrawal from wells. A well, or more commonly a site with numerous wells, with a large rate of ground-water withdrawal can cause the saline water to be drawn upward towards the land surface and into the screened interval. This saline-water encroachment causes an increase in the dissolved chloride concentration of the water and can result in saline-water "upconing." Conceptualized profiles of this process are shown in figure 4. This process is indicated when a well (or group of wells) with water having a large dissolved chloride concentration is surrounded by wells (screened at essentially the same interval) with water having smaller dissolved chloride concentrations. The dissolved chloride concentrations in water from several wells at site A were measured in November 1985 To mitigate the effects of saline-water encroachment, ground-water users in areas of Orange County with large rates of ground-water withdrawal and subsequent elevated dissolved chloride concentrations used the following techniques: alternating pumping between available wells; carefully monitoring withdrawal rates, specific conductivities, and dissolved chloride concentrations; supplementing ground-water withdrawals with surface-water pumpage; and recycling the water used for industrial purposes.
Relation Between Specific Conductance and Dissolved Chloride Concentrations
A generalized relation between specific conductance and dissolved chloride concentration in water from wells screened in the lower unit of the Chicot aquifer in Orange County and sampled during 1985-89 is shown in figure 7. A statistical linear regression was used to determine a line that best fit all data using the equation:
Dissolved chloride concentration = (3.1759) specific conductance + 325.2591.
As shown by figure 7, the relation between these two constituents is approximately linear when specific conductances range between 800 and 2,500 µS/cm. The plot also shows that the equation is less accurate and the relation becomes nonlinear when specific conductances are less than 800 µS/cm or greater than 2,500 µS/cm. The nonlinear relations are probably caused by concentrations of other dissolved ions in the ground water and also by the greater density of data values in the mid to lower range. This relation is applicable only for samples collected in Orange County. Because specific-conductance measurements can be made easily and inexpensively at the well site, the relation shown can be used to determine approximate concentrations of dissolved chloride. 
SUMMARY
The lower unit of the Chicot aquifer is a major source of freshwater for Orange County, Texas. The lower unit of the aquifer, separated from the upper unit by clay beds, is Pleistocene in age and underlies all of the study area at varying depths. The altitude of the base of the aquifer ranges from less than 400 ft below sea level in northwestern Orange County to about 1,000 ft below sea level in southeastern Orange County.
In 1989, the average rate of ground-water withdrawals from the lower unit of the Chicot aquifer in Orange County for combined municipal and industrial use was 13. Water levels in wells in most of the study area rose during 1985-90 because of decreased groundwater withdrawal associated with declining economic conditions and recycling of some of the water used for industrial purposes during that period. The largest rise in water levels was more than 10 ft in parts of Orange and Pinehurst, north of site B, while the largest decline in water levels was a localized decline of more than 60 ft at site C in south-central Orange County.
Chemical analyses of ground-water samples from the lower Chicot aquifer during 1985-90 indicate that the aquifer contained mostly freshwater (dissolved solids concentrations less than 1,000 mg/L). Dissolved chloride concentrations in most wells within the study area remained relatively constant during 1985-90. However, the distribution of dissolved chloride showed that, in some areas, concentrations could vary greatly between wells within short distances. The data also indicate that the saline-water encroachment, primarily by saline-water upconing, continued to occur during 1985-89, but in smaller dissolved chloride concentrations and at a slower rate compared to the 1970s and early 1980s. To mitigate the effects of saline-water encroachment, ground-water users in areas with large rates of ground-water withdrawal and large dissolved chloride concentrations used the following techniques: alternating pumping between available wells; carefully monitoring withdrawal rates, specific conductivities, and dissolved chloride concentrations; supplementing ground-water withdrawals with surface-water pumpage; and recycling the water used for industrial purposes.
On the basis of chemical data collected during 1985-89, a relation was determined between specific conductance and dissolved chloride concentration that can be used to estimate dissolved chloride by multiplying the specific conductance by different factors for low or high conductances. 
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GLOSSARY
Aquifer-A formation, group of formations, or part of a formation that contains sufficient saturated permeable material to yield substantial quantities of water to wells and springs. Confining unit-A body of markedly less permeable material, stratigraphically adjacent to one or more aquifers, that confines water in the aquifer so that the water level rises above the base of the confining unit. Freshwater-Variously defined as water containing less than 1,000 mg/L dissolved solids or water containing 250 mg/L or less dissolved chloride. In this report, freshwater is defined as water having a dissolved solids concentration of 250 mg/L or less. Freshwater/saline-water interface-The boundary surface between two fluids of different density; the boundary is the sloping surface between freshwater and saline water in this report.
Saline water-Water with a dissolved solids concentration equal to or greater than 1,000 mg/L. Four classes of saline water have been defined by Winslow and Kister (1956) according to the concentrations of dissolved solids: (1) slightly saline, 1,000 to 3,000 mg/L; (2) moderately saline, 3,000 to 10,000 mg/L; (3) very saline, 10,000 to 35,000 mg/L; and (4) brine, greater than 35,000 mg/L.
Saline-water upconing (or vertical intrusion)-A phenom-
enon caused when two fluids with different densities at dynamic equilibrium are made dynamically unstable by withdrawal by pumping of the upper or less dense fluid.
Saline-water encroachment (or intrusion)-
The phenomenon occurring when a body of saline water, because of its greater density or hydraulic head, encroaches (or intrudes) into a body of freshwater. Table 5   Table 4   Table 3 
